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(57) The invention relates to an image sensing ap- 
paratus and method which form an image by using ra- 
diation including visible light, X-rays, and the like (which 
is generically called light in the invention), and also re- 
lates to a one- or two-dimensional image sensing appa- 
ratus such as a facsimile apparatus, a digital copying 
machine, a still camera, or a radiation image sensing 
apparatus, and an image sensing method. This image 
sensing apparatus uses a photo-electric conversion de- 
vice. The image sensing apparatus has an image sens- 
ing means including a plurality of photo-electric ele- 
ments arranged one- or two-dim ens ionally to obtain im- 
age information with a high S/N ratio by solving the prob- 
lem that errors contained in the photographic output 
cannot be completely corrected because of the differ- 
ences between the conditions set to obtain data to be 
used for correction and the conditions set for actual pho- 
tographing operation. The image sensing apparatus in- 
cludes a means for storing a photographic output in the 
photographic mode, a means for storing photographic 
conditions in the photographic mode, means for obtain- 
ing a correction output in the correction mode which is 
activated by using the stored photographic conditions, 
and a means for correcting the photographic output by 
using the correction output. With this arrangement, cor- 
rection data is acquired under operation conditions set 
in accordance with operation conditions in photograph- 
ing operation. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an image sensing 
apparatus and method which form an image by using 
radiation including visible light, X-rays, and the like 
(which will be generically called light in the present in- 
vention) and, more particularly, to a one- or two-dimen- 
sional image sensing apparatus such as a facsimile ap- 
paratus, a digital copying machine, a still camera, or a 
radiation image sensing apparatus, and an image sens- 
ing method. 

Description of the Related Art 

Various image sensing apparatuses using large 
sensors each having a one- or two-dimensional array of 
image sensing elements, each using a monocrystalline 
Si sensor typified by a CCD sensor and a MOS sensor 
or a PIN sensor consisting of hydrogenated amorphous 
silicon (to be referred to as a-Si hereinafter) have been 
proposed. 

As these image sensing apparatuses, in addition to 
image sensing apparatuses designed to convert a visi- 
ble light image into an electrical signal, image sensing 
apparatuses designed to convert a radiation image into 
an electrical signal have also been developed with de- 
velopment in nuclear technology and advances in med- 
ical radiographic devices and nondestructive testing. 

Many of these image sensing apparatuses, howev- 
er, have S/N ratios of the order of 2- and 3-digrt figures, 
and have not been required to have higher S/N ratios 
for the following reasons. There have been no A/D con- 
verters suited to high-precision digitization of outputs 
with high S/N ratios. In addition, since the data amount 
after conversion becomes large, limitations are imposed 
on memories and communications, resulting in poor op- 
erability. This has reduced the necessity of image sens- 
ing apparatuses with high S/N ratios. 

With the recent remarkable developments in large- 
capacity memories and high-speed communications, 
greatdemarjds have arisen for image sensing appara- 
tuses with high S/N ratios of the order of 4- and 5 -dig it 
figures.^ 

In general, however, a decrease in S/N ratio is in- 
evitably caused by variations in the manufacturing proc- 
ess and variations in fixed patterns and sensitivity. To 
prevent this, the fixed pattern and sensitivity variations 
are stored in a memory, and correction is performed in 
actual operation by using the photographic output and 
the information in the memory. 

In this technique, however, since the data used for 
correction is obtained before photographing operation, 
the following problems are posed. 

In general, in using an image sensing apparatus, 



the user selects operation conditions for the apparatus 
in accordance with the purpose of photography or the 
like. In addition, the components of the image sensing 
apparatus vary in characteristics with changes in tem- 

s perature. Furthermore, various types of automatic con- 
trol such as automatic exposure and automatic gain ad- 
justment are activated during photographing operation 
to easily obtain optimal images without mistakes. That 
is, the conditions actually set for the photographing op- 

io e ration differ from the conditions set to generate the data 
used for correction. Since fixed pattern and sensitivity 
variations that cause a drop in S/N ratio slightly vary de- 
pending on these conditions, errors contained in the 
photographic output cannot be corrected perfectly. As 

is described above, the differences between the condi- 
tions set to obtain the data used for correction and the 
conditions set for the actual photographing operation 
may pose a problem in obtaining image information with 
a high S/N ratio. 

20 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
image sensing apparatus and method which can obtain 

2$ image information with a high S/N ratio by solving the 
problem that errors contained in a photographic output 
cannot be corrected perfectly in some case owing to the 
differences between the conditions set to obtain the data 
used for correction and the conditions set for actual pho- 

30 tographing operation. 

It is another object of the present invention to pro- 
vide an image sensing apparatus which can acquire cor- 
rection data after photographing operation under the 
same conditions as those for the photographing opera- 

3S tion, and an image sensing method which can acquire 
correction data by reproducing the photographic condi- 
tions as needed. 

It is still another object of the present invention to 
an image sensing apparatus and method which can ac- 

40 quire correction data regardless of the time required for 
setting various conditions for photographing operation, 
e.g., the angle and position o1 the object, a target portion 
of the object, the time required for determining the po- 
sition of a patient, or the time required for the patient to 

45 hold his/her breath, i.e., can acquire correction data af- 
ter photographing operation, thereby obtaining image 
information with a high S/N,ratio by acquiring correction 
data under conditions similartcrthe conditions set for 
photographing operation by omitting only an object (to 

so be photographed) even when correction data is ob- 
tained by irradiating photographing light. 

It is still another object of the present invention to 
provide an image sensing apparatus having image 
sensing means including a plurality of photo-electric el- 

ss ements arranged one- or two-dimensionally, compris- 
ing: 

means for storing a photographic output (an image 
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signal output) obtained in a photographic mode; 
means for storing a photographic condition in the 
photographic mode; 

means tor obtaining a correction output in a correc- 
tion mode activated using the stored photographic 
condition; and 

means for correcting the photographic output by us- 
ing the correction output.. 

It is still another object of the present invention to 
provide an image sensing apparatus comprising: 

image sensing means including a plurality of photo- 
electric elements arranged one- or two-dimension- 
ally; 

image information irradiation means including a 
light source for emitting photographing light for ob- 
taining image information light to be incident on the 
photo-electric element; 

photographic condition control means for control- 
ling a photographic condition for at least the light 
source; 

condition storage means for storing a set value set 
by the photographic condition control means; 
photographic output storage means (image signal 
output storage means) for storing a photographic 
output (an image signal output) obtained in photo- 
graphing operation; 

means for obtaining a correction output by causing 
the photographic condition control means to per- 
form set operation in accordance with the set value 
stored in the condition storage means; 
an arithmetic processing circuit for correcting the 
, photographic output stored in the photographic out- 
put storage means by using the correction output; 
and 

system control means for controlling the respective 
means. 

It is still another object of the present invention to 
provide an image sensing method for an image sensing 
apparatus including image sensing means including a 
plurality of photo-electric elements arranged one- or 
two-dimensionally, image information irradiation means 
including-a^tight source for emitting photographing light 
for obtaining image information light to be incident on 
the photo-electric element, photographic condition con- 
trol means for controlling a photographic condition for at 
least the light source, photographic output storage 
means for storing a photographic output, and condition 
storage means for storing a condition automatically con- 
trolled by the photographic condition control means, 
comprising the steps of: 

causing the image information irradiation means to 
irradiate the image sensing means with image in- 
formation light while operating the photographic 
condition control means to obtain a desired photo- 



graphic output, causing the photographic output 
storage means to store the photographic output, 
and at the same time, causing the condition storage 
means to store a set value selected by the photo- 

s graphic condition control means; and 

causing the photographic condition control means 
to perform set operation in accordance with the set 
value stored in the condition storage means, setting 
an obtained output as a correction output, and 

io processing the correction output and the photo- 
graphic output stored in the photographic output 
storage means by using an arithmetic processing 
circuit, thereby obtaining a corrected photographic 
output. 

is 

In order to achieve the above objects, there is pro- 
vided an image sensing apparatus having image sens- 
ing means including a plurality of photo-electric ele- 
ments arranged one- or two-dimensionally, 
20 comprising: 

means for storing a photographic output obtained 
in a photographic mode; 

means for storing a photographic condition in the 
25 photographic mode; 

means for obtaining a correction output in a correc- 
tion mode activated using the stored photographic 
condition; and 

means for correcting the photographic output by us- 
30 ing the correction output. 

Preferably, the means for obtaining the correction 
output is means for obtaining a correction output in cor- 
rection mode 1 , which is activated without irradiating the 

35 photo-electric elements with photographing light : by us- 
ing the stored photographic condition. Preferably, the 
means for obtaining the correction output is means for 
obtaining a correction output in correction mode 2, 
which is activated while the photo-electric elements are 

to irradiated with reference light in the absence of an ob- 
ject, by using the stored photographic condition. 

Preferably, the image sensing apparatus further 
comprises means for correcting the photographic output 
by using the correction outputs in both correction mode 

45 1 and correction mode 2. 

In addition, in order to achieve the above objects, 
there is provided an image sensing apparatus including 
image sensing means includinglTplurality of photo-elec- 
tric elements arranged one- or two-dimensionally, com- 

50 prising: 

image information irradiation means capable of 
controlling photographing light from a light source, 
which is used to obtain image information light to be 
ss incident on the photo-electric elements, photo- 
graphic condition control means capable of control- 
ling a photographic condition, and condition storage 
means in which the photographic condition control 
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means stores a condition set for photographing op- 
eration, and 

a system control circuit and a correction circuit for 
causing the image information irradiation means to 
irradiate the image sensing means with image in- 
formation light while operating the photographic 
condition control means to obtain a desired photo- 
graphic output, causing the photographic output 
storage means to store the photographic output, 
and at the same time, causing the condition storage 
means to store a set value selected by the photo- 
graphic condition control means; and 
causing the photographic condition control means 
to perform set operation in accordance with the set 
value stored in the condition storage means, setting 
an obtained output as a correction output, and 
processing the correction output and the photo- 
graphic output stored in the photographic output 
storage means by using an arithmetic processing 
circuit, thereby obtaining an output from which er- 
rors in the image sensing means are removed. 

Preferably, the image information irradiation means 
includes a light source for irradiating a sensor with 
pulse-like image information light (light containing im- 
age information) and/or reference light (photographing 
light), and a driving circuit for the light source. Prefera- 
bly, the pulse width of the light can be set/controlled by 
the photographic condition control means. Preferably, 
the image sensing apparatus includes a gain adjust- 
ment circuit, and the gain of the circuit can be automat- 
ically controlled and set/controlled by the photographic 
condition control means. Preferably, the gain adjust- 
ment circuit includes a plurality of analog/digital convert- 
ers, and a proper converter can be selected in accord- 
ance with the value of the output from the image sensing 
means. Preferably, this selection can be automatically 
controlled and set/controlled by the photographic con- 
dition control means. Preferably, the photo-electric ele- 
ment is of a storage type, and the storage time can be 
automatically controlled and set/controlled by the pho- 
tographic condition control means. 

Preferably, the photographic condition control 
means is automatically controlled. 

PieJmage information irradiation means is consti- 
tuted by a radiation source and a phosphor screen. An 
object can be placed between the radiation source and 
the phosphor screen. With this arrangement, chest X- 
ray examination or breast cancer examination can be 
done without using an X-ray film. 

According to the present invention, first of all, pho- 
tographing is done under controlled conditions, prefer- 
ably conditions having undergone various types of au- 
tomatic control operations, to obtain a photographic out- 
put. This photographic output and the photographic con- 
ditions are stored. Conditions are set in accordance with 
the photographic conditions stored in the photographing 
operation and a desired photographic output, and the 



apparatus is operated again under the set conditions, 
thereby obtaining a correction output. With this opera- 
tion, the conditions set to obtain the data to be used for 
correction can be made to be substantially the same as 

s the conditions for actual photographing operation. 

By correcting the stored photographic output using 
this correction output, a photographic output with fewer 
errors can be obtained, and image information with a 
high S/N ratio can be obtained. 

^0 in addition, according to the present invention, 
since a correction output can be obtained under the 
same conditions as those for photographing operation 
even if various types of automatic control operations are 
performed, a high-performance image sensing appara- 

*s tus which is easy to use and allows photographing op- 
eration under almost optimal conditions can be provid- 
ed. 

Furthermore, the dark output from each photo-elec- 
tric element can be corrected by using a correction out- 
20 put in correction mode 1 that is activated without irradi- 
ating each photo-electric element with light. 

Moreover, errors due to gain variations can be re- 
moved by using a correction output in correction mode 
2 which is activated while each photo-electric element 
2S js irradiated with reference light in the absence of an 
object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 Fig. 1 is a block diagram showing the schematic ar- 
rangement of an apparatus according to a preferred 
embodiment of the present invention; 
Fig. 2 is a circuit diagram schematically showing an 
overall arrangement example of a two-dimensional 

as area sensor that can be applied to a photo-electric 
conversion device in the present invention; 
Fig. 3A is a schematic plan view for explaining an 
arrangement example of one pixel of the two-di- 
mensional area sensor; 

^o Fig. 3B is a sectional view of the pixel; 

Figs. 4A, 4B and 4C are energy band diagrams for 
explaining the operation of each photo-electric ele- 
ment; 

Fig. 5 is a timing chart for explaining an example of 
45 the operation timing of the image sensing appara- 
tus; and 

Fig. 6 is a schematic block diagram for explaining 
an example of a correction~circurt.^ 

so DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described below with 
reference to the accompanying drawings. The present 
55 invention is not limited to the contents to be described 
below, and various modifications and combinations of 
the embodiments can be made within the spirit and 
scope of the invention. 
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[First Embodiment] 

The first embodiment of the present invention will 
be described in detail with reference to the accompany- 
ing drawings. Fig. 1 is a block diagram showing the over- 
all arrangement of an image sensing apparatus accord- 
ing to the first embodiment of the present invention. This 
embodiment exemplifies the radiation image sensing 
apparatus designed for medical X-ray diagnosis. 

Referring to Fig. 1, an X-ray source (light source) 

10 can emit photographing light (X-rays in this case) 13 
in the form of pulses. An AE controller 30 serving as a 
photographic condition control means ON/OFF-controls 
X-ray pulses and controls the tube voltage and current 
of a tube in the X-ray source. The X-rays 1 3 emitted from 
the X*ray source 10 are transmitted through an object 

1 1 as a patient to be diagnosed and become incident on 
a phosphor screen 1 2 made of a wavelength converter, 
e.g., Csl or Gd 2 0 2 , that converts X-rays into light in the 
photosensitive wavelength region of a sensor 20, e.g., 
visible light The amount of X-rays transmitted through 
the object 11 differs depending on the sizes and shapes 
of bones and internal organs in the object 11 and the 
presence/absence of a morbid portion, and contain their 
image information. The X-rays 1 3 are converted into vis- 
ible light by the phosphor screen 1 2 and enter as image 
information light 14 the two-dimensional area sensor 20 
serving as an image sensing means. The two-dimen- 
sional area sensor 20 has a two-dimensional array of 
photo-electric elements and a driving circuit for driving 
these elements. The two-dimensional area sensor 20 
converts the image information light 1 4 into an electrical 
signal containing two-dimensional information, and out- 
puts it. 

The storage time and drive speed of the two-dimen- 
sional area sensor 20 are controlled by the AE controller 
30. The output from the two-dimensional area sensor 
20 is input to a gain adjustment circuit 21 and is also 
input as information for controlling the photographic 
conditions to the AE controller 30. 

The AE controller 30 also receives the outputs from 
a control panel 32, a temperature sensor 33, and a photo 
timer 31 to control the photographic conditions. A doctor 
or technician operates the control panel 32 to input con- 
ditions for arl optimal photographic output in every pho- 
tographic exposure operation in consideration of the 
condition, physique, age of a patient and information to 
be obtained. The control panel 32 converts the input 
conditions into electrical signals and inputs them to the 
AE controller 30. 

The temperature sensor 33 detects the temperature 
in a room during photographic exposure, the tempera- 
ture of the tube, and the temperatures of components, 
e.g., the two-dimensional area sensor 20, whose char- 
acteristics and optimal operation conditions change with 
changes in temperature, and inputs the resultant data 
to the AE controller 30. These detected temperatures 
are preferably the temperatures detected during photo- 



graphic exposure. 

For example, the photo timer 31 is placed between 
the object 11 and the two-dimensional area sensor 20 
to detect the amount of X-rays transmitted through a ref- 
s erence portion (e.g., an alveolus portion) of the object 
11 during photographic exposure, and inputs the result- 
ant data to the AE controller 30. Since the X-rays ab- 
sorbed by the photo timer 31 is very small in amount, 
photographic exposure is hardly affected by this absorp- 
tion. 

The AE controller 30 can perform automatic control 
and setting control on the X-ray pulse width of the X-ray 
source 10, the storage time and drive speed of the two- 
dimensional area sensor 20, and the amplification factor 
of the gain adjustment circuit 21 on the basis of the 
above input values immediately before photographic ex- 
posure and during photographic exposure. With these 
control operations, the output from the gain adjustment 
circuit 21 can be made to become a suitable photo- 
graphic output. 

In addition, the conditions controlled/set by the AE 
controller 30 during photographic exposure can be 
stored as condition values in a condition memory circuit 
40 serving as a condition storage means. The condition 
memory circuit 40 can store conditions and also can in- 
put stored condition values to the AE controller 30. The 
AE controller 30 can control/set and operate the X-ray 
source 10, the two-dimensional area sensor 20, and the 
gain adjustment circuit 21 on the basis of the condition 
values input from the condition memory circuit 40. That 
is, photographic exposure can be performed under the 
same control/settings as those of past photograph ex- 
posure conditions. At this time, the conditions and con- 
trol/settings are partly changed to perform correction ex- 
posure to obtain an output from the gain adjustment cir- 
cuit 21 as a correction output. 

Referring to Fig. 1, in a correction circuit 80 en- 
closed with the dashed line, a photographic output ob- 
tained during photographic exposure can be stored al- 
together in a frame memory 50 serving as a photograph- 
ic output storage means via a switch 51 , and the photo- 
graphic output is processed by an arithmetic processing 
circuit 60 on the basis of a correction output B obtained 
during correction exposure and a photographic output 
A stored in the frame memory 50, thereby obtaining an 
image information output O, from which errors in photo- 
graphing operation have been removed. This image in- 
formation output O is transmitted - to an Image process- 
ing system or the like. 

Upon detecting that a photographic exposure start 
button 71 is depressed, a system control circuit 70 con- 
trols the X-ray source 1 0, the two-dimensional area sen- 
sor 20, and the gain adjustment circuit 21 through the 
AE controller 30 to perform photographic exposure and 
correction exposure, although this operation is not 
shown. In addition, the system control circuit 70 controls 
the switch 51 , the frame memory 50, and the arithmetic 
processing circuit 60 to operate them as the correction 
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circuit 80. 

According to the arrangement shown in Fig. 1, the 
image sensing apparatus comprises the image sensing 
means 20 including a one- or two-dim ens ionaJ array of 
photo-electric elements, the image information irradia- 
tion means 10 capable of irradiating the photo-electric 
elements with image information light, the photographic 
condition control means 30 capable of automatic control 
and setting control of photographic conditions, and the 
condition storage means 40 for storing the conditions 
automatically controlled by the photographic condition 
control means. 

In this apparatus, the image information irradiation 
means 10 irradiates the image sensing means 20 with 
image inlormation light while the photographic condition 
control means 30 is operated to obtain a desired photo- 
graphic output by automatic control. The resultant pho- 
tographic output is stored in the photographic output 
storage means 50. At the same time, the set values se- 
lected by the photographic condition control means 30 
are stored in the condition storage means 40. 

After this operation, the photographic condition con- 
trol means 30 is caused to perform setting operation on 
the basis of the set values stored in the condition storage 
means 40. The resultant output is used as a correction 
output. The arithmetic processing circuit 60 then oper- 
ates on the basis of this correction output and the pho- 
tographic output stored in the photographic output stor- 
age means 50. As a result, an output from which errors 
caused by the image sensing means 20 are removed 
can be obtained. 

Fig. 2 is a circuit diagram showing an example of 
the overall arrangement of the two-dimensional area 
sensor 20. Fig. 3A is a schematic plan view showing an 
example of each constituent element corresponding to 
one pixel in the two-dimensional area sensor 20. Fig. 
3B is a schematic sectional view of one pixel. Note that 
the same reference numerals denote parts with the 
same functions as in Fig. 1 . 

Referring to Fig. 2, the two-dimensional area sensor 
20 includes photo-electric elements S11 to S33, each 
having a lower electrode side G and an upper electrode 
side D t capacitors C 11 to C33, transfer TFTs T1 1 to T33, 
a read power supply Vs, and a refresh power supply Vg. 
The readpower supply Vs and the refresh power supply 
Vg are connected to the G electrodes of all the photo- 
electric elements S11 to S33 through switches SWsand 
SWg. The switch SWs is connected to a refresh control 
circuit RF through an inverter. The switch SWg is directly 
connected to the refresh control circuit RF In the refresh 
period, the switch SWg is kept on. In other periods, the 
switch SWs is kept on. One pixel is constituted by one 
photo-electric element, one capacitor, and one TFT. The 
signal output of each pixel is connected to a detection 
integrated circuit IC through a signal line SIG. In the two- 
dimensional area sensor 20 in this embodiment, a total 
of nine pixels are grouped into three blocks, and the out- 
puts from the three pixels of each block are simultane- 



ously transferred. The outputs from these blocks are se- 
quentially converted and output by the detection inte- 
grated circuit IC through the signal lines. In addition, the 
three pixels in each block are arranged horizontally, and 
s the three blocks are arranged vertically, thereby arrang- 
ing the respective pixels two-dimensionally. 

The portion enclosed with the dashed line in Fig. 2 
is formed on a single insulating substrate having a large 
area. Fig. 3A is a schematic plan view of a portion cor- 
io responding to the first pixel of this portion. This pixel in- 
cludes the photo-electric element S1 1 , the TFT T1 1 , the 
capacitor C11, and the signal line SIG. In this embodi- 
ment, the capacitor C1 1 and the photo-electric element 
S11 are not isolated from each other. The capacitor C11 
*5 is formed by increasing the area of the electrode of the 
photo-electric element S11 . The photo-electric element 
and the capacitor can be formed in this manner because 
they have the same layer structure in this embodiment. 
Fig. 3B is a schematic sectional view taken along a line 
3B - 3B in Fig. 3A. A silicon nitride passivation film 8 
consisting of SiN and a phosphor screen 1 2 such as Csl 
or Gd 2 0 2 S are formed on the pixel. When X-rays 13 con- 
taining image information are incident on the pixel from 
above, they are converted into image information light 
14 by the phosphor screen 12. This light then reaches 
the photo-electric element. 

The steps in a method of forming each element will 
be briefly and sequentially described below with refer- 
ence to Figs. 3A and 3B. 

First of all, Cr is deposited as a lower metal layer 2 
on a glass substrate 1 as an insulating material to a 
thickness of about 500 A by sputtering or the like. The 
lower metal layer 2 is then patterned by photolithogra- 
phy to etch away unnecessary areas. As a result, the 
lower electrode of the photo-electric element S11, the 
gate electrode of the TFT T11, and the lower electrode 
of the capacitor C1 1 are formed. 

Subsequent^ an SiN layer 7, an i-type layer 4, and 
an n-type layer 5 respectively having thicknesses about 
2,000 A, 5,000 A, and 500 A are deposited by CVD with- 
out breaking vacuum. These layers respectively be- 
come the insulating layer/photo-electric conversion 
semiconductor layer/hole injection preventing layer of 
the photo-electric element S11, the gate insulating film/ 
semiconductor layer/ohmic contact layer of the TFT 
T11, and the intermediate layer of the capacitor C11. 
The above layers are also. used as the insulating layers 
of signal line crossing portiorisTThe respective layers 
are not limited to these thicknesses and optimally de- 
signed in accordance with the voltage, current, charge, 
incident light amount, and the like to be set for the two- 
dimensional area sensor At least the SiN layer needs 
to have a thickness of 500 A or more so as to prevent 
the passage of electrons and holes and function as the 
gate insulating film of the TFT. 

After the respective layers are deposited, Al is de- 
posited as an upper metal layer 6 to a thickness of about 
10,000 A by sputtering or the like. The upper metal layer 



25 



30 



35 



40 



45 



so 



6 



11 



EP 0 881 828 A2 



12 



6 is then patterned by photolithography to etch away un- 
necessary areas, forming the upper electrode of the 
photo-electric element S11, the source and drain elec- 
trodes as the main electrodes of the TFT T1 1 , the upper 
electrode of the capacitor C11, and the signal line SIG. s 

Only the channel portion of the n-type layer of the 
TFTT11 is etched by RIE. Thereafter, the unnecessary 
portions of theSiN layer 7, the i-type layer 4, and the n- 
type layer 5 are removed by etching to isolate the re- 
spective elements. With this process, the photo-electric io 
element S 11, the TFT T11, and the capacitor C11 are 
completed. As is obvious, although only the first pixel 
has been described, the remaining pixels are also 
formed at once. 

To improve durability, each element is generally is 
covered with the passivation film 8 such as a SiN film, 
and the phosphor screen 12 such as Csl or Goy^S is 
formed on the passivation film 8, as needed. 

As described above, in this embodiment, the photo- 
electric element, the TFT, the capacitor, and the signal 20 
line SIG can be formed by only etching the following 
common layers, which are simultaneously deposited: 
the lower metal layer 2, the SiN layer 7, the i-type layer 
4, the n-type layer 5, and the upper metal layer 6. In 
addition, only one injection blocking layer is formed in 25 
the photo-electric element S1 1 , and the respective lay- 
ers of the photo-electric element S11 can be formed 
without breaking vacuum. The gate insulating film/i-type 
layer interface of the TFT, which is important in terms of 
characteristics, can be formed without breaking vacu- 30 
um. Furthermore, since the intermediate layer of the ca- 
pacitor C11 contains an insulating layer that is resistant 
to leakage of charge due to heat, a capacitor having 
good characteristics can be formed. 

An example of the operation of each of the photo- 35 
electric elements S11 to S33 used in this embodiment 
will be described below. Figs. 4A and 4B are energy 
band diagrams of each photo-electric element, respec- 
tively showing operations in the refresh mode and the 
photo-electric conversion mode. Each of Figs. 4A and 40 
4B shows the state of each layer in Fig. 3B in the depth 
direction. As described above, the lower metal layer 2 
is a lower electrode (to be referred to as a G electrode 
hereinafter) made of, e.g., Cr. The SiN layer 7 is an in- 
sulating-layer for preventing the passage of electrons <s 
and holes. The thickness of this layer is set to 500 A or 
more to prevent electrons and holes from moving due 
to the tunnel effect. The intrinsic semiconductor i-type 
layer 4 made of hydrogenated amorphous silicon (a -Si) 
serves as a photo-electric semiconductor layer. The n- so 
type layer 5 made of a-Si serves as an injection blocking 
layer for preventing injection of holes into the i-type layer 
4 serving as the photo-electric semiconductor layer. The 
upper metal layer 6 is an upper electrode (to be referred 
to as a D electrode hereinafter) made of, e.g., Al. In this 55 
embodiment, the D electrode does not completely cover 
the n-type layer. The D electrode and the n-type layer 
are always set at the same potential to allow free move- 



ment of electrons therebetween. The following descrip- 
tion is based on this. This photo-electric element oper- 
ates in two types of modes, namely the refresh mode 
and the photo-electric conversion mode, depending on 
how the voltages are applied to the D and G electrodes. 

In the refresh mode (a), the D electrode is set at a 
negative potential with respect to the G electrode, and 
the holes indicated by the full circles in the i-type layer 
4 are attracted to the D electrode. At the same time, the 
electrons indicated by the open circles are injected into 
the i-type layer 4. At this time, some holes and electrons 
recombine and disappear in the n-type layer 5 and the 
i-type layer 4. When this state continues for a sufficiently 
long period of time, the holes in the i-type layer 4 are 
cleared. 

To switch this state to the photo-electric conversion 
mode (b), the D electrode is set at a positive potential 
with respect to the G electrode. As a result, the electrons 
in the i-type layer 4 are instantaneously attracted to the 
D electrode. However, as the n-type layer 5 serves as 
an injection blocking layer, no holes are attracted to the 
i-type layer 4. When light enters the i-type layer 4 in this 
state, the incoming light is absorbed to generate elec- 
tron-hole pairs. These electrons are attracted to the D 
electrode owing to the electric field, and the holes move 
in the i-type layer 4 and reach the interlace between the 
i-type layer 4 and the insulating layer 7. Since the holes 
cannot move in the insulating film, they stay in the i-type 
layer 4. At this time, the electrodes move to the D elec- 
trode, and the holes move to the insulating layer 7 inter- 
face in the i-type layer 4. For this reason, to maintain 
electric neutrality in the element, a current flows from 
the G electrode. This current corresponds to the elec- 
tron-hole pairs generated by the light, and hence is pro- 
portional to the incident light. 

When the refresh mode (a) is set again after the 
photo-electric conversion mode (b) is kept for a certain 
period of time, the holes remaining in the i-type layer 4 
are attracted to the D electrode as described earlier, and 
a current corresponding to the holes flows at the same 
time. The amount of holes corresponds to the total 
amount of light received in the photo-electric conversion 
mode period. At this time, a current corresponding to the 
amount of electrons injected into the i-type layer 4 also 
flows. However, since this amount is almost constant, it 
suffices if this current is subtracted from the detected 
value. That is, in this embodiment, each of the photo- 
electric elements S11 to S33 carToutput the amount of 
incident light in real time, and at the same time, can out- 
put the total amount of light received within an extended 
period of time. This is the major feature of each photo- 
electric element in this embodiment. 

If, however, the duration of the photo-electric con- 
version mode is prolonged or the illuminance of incident 
light is high for some reason, no current may flow as in 
Fig. 4C in spite of incident light. This is because, many 
holes remain in the i-type layer 4, and the electric field 
in the i-type layer 4 is reduced by the holes. As a result, 
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the generated electrons are not attracted to the D elec- 
trode but recombine with the holes in the i-type layer 4. 
If the state of incident of light changes in this state, a 
current may flow unstably. By setting the refresh mode 
again, however, the holes in the i-type layer 4 are re- 
moved, and a current proportional to light can be ob- 
tained in the next photo-electric conversion mode. 

In the above description, ideally, all the holes are 
cleared from the i-type layer 4 in the refresh mode. Even 
if, however, the holes are partly removed, a current sim- 
ilar to that described above flows, and no problem is 
posed. That is, it suffices if the state is not set at one as 
shown in Fig. 4C when detection is performed in the next 
photo-electric conversion mode. That is, the potential of 
the D electrode with reference to the G electrode in the 
refresh mode, the duration of the refresh mode, and the 
characteristics of the injection preventing layer of the n- 
type layer 5 can be determined. In addition, injection of 
electrons into the i-type layer 4 in the refresh mode is 
not a necessary condition, and the potential of the D 
electrode with reference to the G electrode is not limited 
to a negative potential. This is because, when many 
holes remain in the i-type layer 4, the electric field in the 
i-type layer 4 acts in the direction to move the holes to- 
ward the D electrode even if, for example, the D elec- 
trode 15 is set at a positive potential with reference to 
the G electrode. 

Similarly, with regard to the characteristics of the injec- 
tion blocking layer of the n-type layer 5 S injection of elec- 
trons into the i-type layer 4 is not a necessary condition. 

An example of operation of the radiation image 
sensing apparatus in this embodiment will be described 
next with reference to Figs. 1, 2, and 5. As described 
above, if the photo-electric element in this embodiment 
is periodically refreshed, it operates as an optical sensor 
for outputting a photocurrent proportional to incident 
light in the photo-electric conversion mode. Fig. 5 is a 
timing chart showing an example of operation in this em- 
bodiment. 

First of all, the doctor or technician places the pa- 
tient to be diagnosed, i.e., the object 11 , between the X- 
ray source 10 and the two-dimensional area sensor 20, 
and poses the object 11 to observe the portion to be di- 
agnosed. At the same time, the doctor or technician op- 
erates tte. control panel 32 to input conditions for an op- 
timal photographic output in consideration of the state, 
physique, and age of the patient, which have been ob- 
tained by inquiries, (corresponding to the size (thick- 
ness), material, state, and the like of the object if the 
object is an inanimate object). The corresponding signal 
is an electrical signal, which is transmitted to the AE con- 
troller 30. At the same time, these conditions are stored 
in the condition memory circuit 40. 

When the doctor or technician depresses the pho- 
tographic exposure start button 71 in this state, the pho- 
tographing mode is started. First of all, the system con- 
trol circuit 70 refreshes the two-dimensional area sensor 
20. The refresh operation will be described below. Shift 



, registers SR1 and SR2 appty High-level signals to con- 
trol lines g1 to g3 and s1 to s3. As a result, the transfer 
TFTs T1 1 to T33 and switches M1 to M3 are turned on, 
and the D electrodes of all the photo-electric elements 
s S11 to S33 are set at the GND potential (because the 
input terminal of an integration detector Amp is designed 
to be set at the GND potential). At the same time, the 
refresh control circuit RF outputs a High-level signal to 
turn on the switch SWg. The G electrodes of all the pho- 
10 to-electric elements S1 1 to S33 are then set at a positive 
potential by the refresh power supply Vg. Then, all the 
photo-electric elements S11 to S33 are set in the refresh 
mode to be refreshed. Thereafter, the refresh control cir- 
cuit RF outputs a Low-level signal to turn on the switch 
75 sWs. The G electrodes of all the photo-electric elements 
S11 to S33 are then set at a negative potential by the 
read power supply Vs. As a consequence, all the photo- 
electric elements S1 1 to S33 are set in the photo-electric 
conversion mode. At the same time, the capacitors C11 
to C33are initialized. When the shift registers SR1 and 
SR2 apply Low-level signals to the control lines g1 to g3 
and s1 to s3, in this state, the transfer TFTs T11 to T33 
and the switches M1 to M3 are turned off, and the D 
electrodes of all the photo-electric elements S11 to S33 
become open in DC term. However, the potentials of the 
D electrodes are held by the capacitors C11 to C13. 
Since no X-rays are incident at this time, no light enters 
any of the photo-electric elements S11 to S33. No photo- 
current therefore flows, and the refresh operation is 
complete. 

At this time, the temperature sensor 33 detects the 
temperature in a room during photographic exposure, 
the temperature of the tube, and the temperatures of 
components, e.g., the two-dimensional area sensor 20, 
whose characteristics and optimal operation conditions 
change with changes in temperature, and inputs the re- 
sultant data to the AE controller 30. These detected tem- 
peratures are the temperatures immediately before pho- 
tographic exposure. At the same time, these tempera- 
tures are stored as conditions in the condition memory 
circuit 40. 

The AE controller 30 determines initial conditions 
for photographic exposure in accordance with the infor- 
mation from the control panel 32 and the information 
from the temperature sensor 33. At the same time, these 
initial conditions are stored in the condition memory cir- 
cuit 40. The initial. conditions include. the voltage, cur-, 
rent, and maximum pulse widtlTof the tube of the X-ray 
source 10 and the drive speed of the two-dimensional 
area sensor 20. It, for example, the chest is set with the 
control panel 32, the voltage of the tube of the X-ray 
source 10 is set to be high. In contrast to this, if the ab- 
domen is set, the tube voltage is set to be low. In addi- 
tion, if a child or pregnant woman is designated as a 
patient with the control panel 32, the duration of expo- 
sure based on the photo timer 31 is set to be short, and 
the maximum pulse width is also set to be short. If the 
temperature of the two-dimensional area sensor 20 is 
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high, a large dark current flows in each photo-electric 
element However, since the performance of each TFT 
is high, the drive speed is set to be high to suppress 
build-up of dark currents, thus setting optimal conditions 
that prevent a decrease in S/N ratio. In contrast to this, s 
if the temperature of the two-dimensional area sensor 
20 is low, the performance of each TFT is low. However, 
since only a small dark current flows in each photo-elec- 
tric element, the drive speed is set to be low to suppress 
image distortion due to a deterioration in charge transfer 10 
performance of each TFT. 

When X-rays are emitted (X-rays 13 are set at high 
level) in these initial conditions and are transmitted 
through the object 11 to strike the phosphor screen 12, 
the X-rays are converted into light beams. These light is 
beams are then incident on the photo-electric elements 
S11 to S33. At the same time, the light beams are inci- 
dent on the photo timer 31 placed between the object 
1 1 and the two-dimensional area sensor 20. These light 
beams contain information about the internal structure 20 
of a human body or the like. The output from the photo 
timer 31 is input to the AE controller 30 from time to time. 
When the integrated value of the outputs exceeds a pre- 
determined value set in the initial conditions, the AE con- 
troller 30 stops the irradiation of X-rays (X-rays 1 3 are 25 
set at low level). With this operation, the optimal expo- 
sure amount for photographic exposure can be ob- 
tained. If the maximum pulse width determined in the 
initial conditions is detected, the AE controller 30 stops 
the irradiation of X-rays regardless of the output from 30 
the photo timer 31. In this case, these actual pulse 
widths are stored as exposure times in the condition 
memory circuit 40. 

A predetermined amount of photocurrent flowing 
owing to this light is stored as charge in each of the ca- 3S 
pacitors C11 to C33 and held after the end of incidence 
of X-rays. The two-dimensional area sensor 20 then 
reads signal charges. The shift register SR1 applies a 
High-level control pulse to the control line g1 , and the 
shift register SR2 applies control pulses to the control <o 
lines s1 to s3, thereby sequentially outputting v1 to v3 
through the transfer TFTs T11 to T13 and the switches 
M1 to M3. Similarly, other light signals are output under 
the control of the shift registers SR1 and SR2. With this 
ope ration, th e two-dimensional information of the inter- 45 
nal structure of the human body or the like are obtained 
as v1 to v9. 

These outputs are input to the gain adjustment cir- 
cuit 21 and the AE controller 30. The AE controller 30 
sequentially determines a gain for making these outputs so 
have suitable values, and stores the determined value 
in the condition memory circuit 40. At the same time, the 
AE controller 30 instructs the gain adjustment circuit 21 . 
With this operation, the output from the gain adjustment 
circuit 21 becomes the optimal photographic output for ss 
the subsequent processing. This photographic output is 
temporarily stored in the frame memory 50 as a photo- 
graphic output storage means through the switch 51 
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controlled by the system control circuit 70.. 

As described previously, the AE controller 30 auto- 
matically controls the X-ray source 10, the two-dimen- 
sional area sensor 20, and the gain adjustment circuit 
21 almost in real time in accordance with the settings in 
the control panel 32, the temperature sensor 33, the 
photo timer 31 , and the two-dimensional area sensor 20 
and outputs therefrom. Consequently, a photographic 
output can be obtained under almost optimal conditions. 
The photographic mode is then terminated. 

The system control circuit 70 sets the correction 
mode and causes the two-dimensional area sensor 20 
to refresh again. After the refresh operation, the system 
control circuit 70 loads the various conditions stored in 
the condition memory circuit 40 into the AE controller 30 
to perform photographic exposure. The system control 
circuit 70 causes the respective components other than 
the X-ray source 10 to operate under the same condi- 
tions as those in the photographic mode. That is, the 
system control circuit 70 causes the respective compo- 
nents to operate on the basis of the values stored in the 
condition memory circuit 40 without using the outputs 
from the temperature sensor 33 and the photo timer 31 . 
The system control circuit 70 does not cause the X-ray 
source 10 to operate in the correction mode, and hence 
no X-rays are emitted (in Fig. 5, an interval P' corre- 
sponding to an interval P in which X-rays are emitted). 
Although the X-ray source 10 is not operated, the two- 
dimensional area sensor 20 reads after a period of time 
corresponding to an exposure time in the photographic 
mode. The drive speed and the gain of the gain adjust- 
ment circuit 21 are set to be the same as those in the 
photographic mode. The output from the gain adjust- 
ment circuit 21 at this time is used as a correction output. 
That is, a correction output can be obtained by setting/ 
controlling the X-ray source 10, the two-dimensional ar- 
ea sensor 20, and the gain adjustment circuit 21 in ac- 
cordance with the values stored in the condition memory 
circuit 40. 

This correction output reflects the dark current flow- 
ing in each pixel, the fixed pattern noise in the transfer 
mode, the offset voltages of the internal amplifier of the 
two-dimensional area sensor 20 and the gain adjust- 
ment circuit 21 , and the like. Since the storage time for 
this correction output is the same as that in the photo- 
graph mode, the degree of influence of the build-up of 
the dark current- on the correction output is also the 
same as that in the photograph mode. In addition, since 
the drive speed for the correction output is the same as 
that in the photographic mode, the degree of influence 
of the fixed pattern due to the influences ol clock leakage 
and the like on the correction amount is the same as 
that in the photographic mode. That is, since the same 
operation is performed in the photographic mode and 
the correction mode in accordance with the data stored 
in the condition memory circuit 40 except for the opera- 
tion of the X-ray source, all the influence factors that are 
undesirable for photographing operation as well as the 
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above influence factors are the same in both the modes 
except for those associated with emission/non-emission 
of X-rays. The correction output therefore contains only 
undesirable errors in a photographic output in the same 
amount in the two modes. 

If, therefore, the photographic output stored in the 
frame memory 50 and the correction output obtained in 
the correction mode are respectively represented by A 
and B, and the arithmetic processing circuit 60 performs 
the following subtraction: 

0 = A-B 

then, a good image information output O can be ob- 
tained, from which errors such as the fixed pattern in the 
photographic output obtained in the photographic mode 
are removed. In this case, for the sake of simplicity, the 
simple equation (O = A - B) is presented. In practice, 
however, more complicated arithmetic processing is 
preferably done to obtain a good quality image. 

In this embodiment, the two-dimensional area sen- 
sor is constituted by a two-dimensional array of 3 X 3 
pixels, i.e., nine pixels, and the outputs from the pixels 
are transferred/output three at a time. However, the 
present invention is not limited to this. If, for example, 
2 ; 000 x 2,000 pixels are arranged two-dim ens ionally, 
with 5X5 pixels being arranged per 1 mm X 1 mm area, 
a 40 cm X 40 cm two-dimensional area sensor can be 
obtained, and a radiation image sensing apparatus for 
medical X-ray diagnosis can be obtained. The output 
from this apparatus can be instantaneously displayed 
on a CRT unlike the case of a film. In addition, the output 
can be converted into a digital output, which can be con- 
verted into an output suited for a specific purpose in- 
tended by image processing using a computer. Further- 
more, this output can be stored in a magneto-optic disk, 
A past image can therefore be retrieved instantaneous- 
ly. Moreover, since the sensitivity is higher than that of 
a film, a clear image can be obtained by using weak X- 
rays that hardly affect the human body. 

[Second Embodiment] 

— _The-second embodiment of the present invention 
will be described next. The second embodiment greatly 
differs from the first embodiment in the arrangements 
and operations of the system control circuit 70, the AE 
controller 30, and the arithmetic processing circuit 60 in 
Fig. 1. Since other arrangements and operations are 
nearly the same as those in the first embodiment, only 
different portions will be described with reference to Fig. 
1. 

The second embodiment is characterized in that a 
system control circuit 70 moves a patient, i.e., an object 
1 1 , when a correction output is to be obtained. For ex- 
ample, this embodiment may include a lamp for guiding 
the movement of the object, a sensor for checking the 



movement of the object, a moving mechanism for a base 
that supports the patient, and a control circuit for the 
mechanism. A correction output is obtained as follows. 
After the object 1 1 is moved from the image sensing ap- 
s paratus, the same conditions as those in the preceding 
photographic exposure operation are set in accordance 
with a condition memory circuit 40, and an AE controller 
30 is controlled to operate the system. With this opera- 
tion, reference light is irradiatedon a two-dimensional ar- 

io ea sensor 20 in the absence of the object 11. The cor- 
rection output obtained at this time is a correction output 
that can correct gain variations in an image information 
irradiation means including the space occupied by an 
X-ray source 10, a phosphor screen 12, and the two- 
's dimensional area sensor 20, the two-dimensional area 
sensor 20, and a gain adjustment circuit 21 . In this case, 
the reference light is light that is sent on the two-dimen- 
sional area sensor 20 under the same conditions as 
those in photographic exposure operation in the ab- 

20 sence of the object. That is, this light contains informa- 
tion obtained by subtracting only the information about 
the object from image information light 1 4, and hence 
contains information about unnecessary variations, er- 
rors, and the like that cause a decrease in S/N ratio in 

25 the image information irradiation means. 

An arithmetic processing circuit 60 can obtain an 
image information output O, from which errors in photo- 
graphing operation due to gain variations in the image 
information irradiation means including the space occu- 

30 pied by the X-ray source 10, the phosphor screen 12, 
the two-dimensional area sensor 20, the two-dimen- 
sional area sensor 20, and the gain adjustment circuit 
21 are removed, on the basis of the photographic output 
stored in a frame memory 50 and the correction output 

35 based on the reference light in the absence of the object 
11 . This image information output O is transmitted to an 
image processing system or the like. 

The operation of the radiation image sensing appa- 
ratus of this embodiment will be described below. The 

*o operation in the photographic mode is the same as that 
in the first embodiment. After the operation in the pho- 
tographic mode, the system control circuit 70 sets the 
correction mode again and causes the two-dimensional 
area sensor 20 to refresh. After the refresh operation, 

45 various conditions stored in the condition memory circuit 
40 in photographic exposure operation are loaded into 
the AE controller~30. The, operation jn the correction 
mode is then performed under the'same conditions as 
those in the photographic mode except that the object 

50 11 is not placed between the X-ray source 10 and the 
two-dimensional area sensor 20. More specifically, the 
image sensing apparatus operates on the basis of the 
values stored in the condition memory circuit 40 without 
using outputs from a temperature sensor 33 and a photo 

ss timer 31. The drive speed and the gain of the gain ad- 
justment circuit 21 are set to be the same as those in 
the photographic mode. At this time, the output from the 
gain adjustment circuit 21 is used as a correction output. 
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This correction output reflects sensitivity and gain vari- 
ations in the image information irradiation means includ- 
ing the space occupied by the X-ray source 10, the 
phosphor screen 1 2, and the two-dimensional area sen- 
sor 20 and sensitivity and gain variations in the two-di- s 
mensional area sensor 20 and the gain adjustment cir- 
cuit 21 . If, therefore, the photographic output stored in 
the frame memory 50 and the correction output obtained 
in the correction mode are respectively represented by 
A and B, and the arithmetic processing circuit 60 per- w 
forms the following division: 

0 = A- B 

75 

then, a good image information output O can be ob- 
tained, from which errors due to sensitivity and gain var- 
iations in the photographic output obtained in the pho- 
tographic mode are removed. In this case, for the sake 
of simplicity, the simple equation (O = A -i- B) is present- 20 
ed. In practice, however, more complicated arithmetic 
processing is preferably performed to obtain a good 
quality image. 

[Third Embodiment] 25 

Fig. 6 is a block diagram showing a correction circuit 
81 according to the third embodiment of the present in- 
vention. The arrangement of the system of this embod- 
iment is the same as that of the first and second embod- 30 
iment except lor the correction circuit 81 . The correction 
circuit 81 in this embodiment differs from the correction 
circuit 80 in Fig. 1 in that the circuit 81 includes two 
switches, i.e., A and B switches 52 and 53 and two frame 
memories, i.e., A and B frame memories 54 and 55. In 35 
addition, an arithmetic processing circuit 61 has three 
inputs A, B, and C unlike in the first and second embod- 
iments. 

The operation ot the third embodiment will be de- 
scribed below. The operation of this embodiment in- *o 
eludes the photographic mode, correction mode 1 , and 
correction mode 2. 

The operation in the photographic mode is roughtly 
the same as that in the first and second embodiments 
except-that ;the photographic output is stored as a pho- 45 
tographic output A in the A frame memory 54 through 
the A switch 52. In this case, the B switch 53 is open, 
and the B frame memory 55 undergoes no change. 

The operation in correction mode 1 is almost the 
same as that in the correction mode in the first embod- so 
iment except that the correction output is not processed 
by the arithmetic processing circuit but is stored as a 
correction output B in the B frame memory 55 through 
the B switch 53. In this case, the A switch 52 is open, 
and the A frame memory undergoes no change. 55 

The operation in correction mode 2 is almost the 
same as that in the correction mode in the second em- 
bodiment except that the arithmetic processing circuit 



61 receives the photographic output A obtained in the 
photographic mode from the A frame memory 54, the 
correction output B obtained in correction mode 1 from 
the B frame memory 55, and the correction output in cor- 
rection mode 2 as a correction output C. The arithmetic 
processing circuit 61 performs subtraction and division 
for these inputs: 

O = (A - B) C 

As a result, this apparatus can obtain a good image in- 
formation output O from which errors such as a fixed 
pattern in the photographic output obtained in the pho- 
tographic mode and errors due to sensitivity and gain 
variations are removed. In this case, for the sake of sim- 
plicity, the simple equation (O = (A - B) -s- C) is presented. 
In practice, however, more complicated arithmetic 
processing is preferably performed to obtain a good 
quality image. 

In this embodiment, two frame memories are used. 
However, the present invention is not limited to this. For 
example, three frame memories may be used to add an- 
other correction mode. With this arrangement, if, for ex- 
ample, the tube current in an X-ray source 10 is reduced 
to 1 /2, and a correction output is obtained in the absence 
of an object 11, the nonlinear characteristics of a two- 
dimensional area sensor 20 can also be corrected. 

The present invention is not limited to the three em- 
bodiments described above. If, for example, an image 
information irradiation device is designed to use an elec- 
tronic flash unit, an object, and a lens, a still camera hav- 
ing an AE function can be obtained. In addition, this de- 
vice may not use an electronic flash unit but may use 
natural light, an object, and a lens. In this case, a storage 
type photo-electric element may be used, and the stor- 
age time may be automatically controlled. 

In addition, the photo-electric element is not limited 
to the one that is sensitive to visible light. For example, 
an element that is sensitive to infrared light, ultraviolet 
light, or radiation may be used. If, for example, an ele- 
ment that is sensitive to X-rays is used, an image sens- 
ing apparatus can be obtained without using the phos- 
phor screen 12 serving as a wavelength converter. In 
this case, image information light is X-rays having image 
information. 

Assume that the gain adjustment circuit includes a - 
plurality of analog/digital converters, a more suitable 
converter can be selected in accordance with the value 
of the output from the image sensing means, and the 
selection of a converter can be automatically controlled 
by the photographic condition control means. That is, 
assume that a proper combination of a plurality of com- 
binations of integration detectors Amp and low-preci- 
sion A/D converters, i.e., a combination that does not 
overflow and has an integration detector Amp having a 
gain as high as possible, is automatically selected, and 
the output from the selected combination is used as a 
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photographic output for each bit. In this case, this se- 
lected data is stored in units of bits, and fixed pattern 
and gain variation data ar obtained from the same se- 
lected data in the correction mode, thereby providing a 
high-precision image sensing apparatus at a lower cost. 
Since the selected data for each bit cannot be obtained 
before the photographic mode, and correction data can- 
not be generated by the integration detector Amp from 
which a photographic output is obtained in the conven- 
tional image sensing apparatus, high-precision correc- 
tion cannot be performed. In contrast to this, the present 
invention can perform high-precision correction. 

Obviously, sensors serving as image sensing 
means may be arranged one-dimensionally instead of 
two-dimensionally. That is, the same effects as those 
described can be obtained with a one-dimensional line 
sensor. 

As has been described above, according to the 
present invention, substantially the same conditions as 
those set to obtain data used for correction can be set 
for actual photographing operation. For this reason, by 
correcting the stored photographic output using this cor- 
rection output, a photographic output with fewer errors 
can be obtained, and hence image information with high 
S/N ratio can be obtained. 

According to the present invention, even if various 
types of automatic control are performed, a correction 
output can be obtained under the same conditions as 
those for photographing operation. This can provide an 
image sensing apparatus that is easy to use and can 
easily perform photographing operation under nearly 
optimal conditions. 

With the use of a photographic condition control 
means and a condition storage means, an inexpensive 
image sensing apparatus can be provided, which can 
obtain a correction output under the same conditions as 
those for photographing operation after a photographic 
output is obtained while various types of automatic con- 
trol are activated, thereby easily obtaining high-preci- 
sion image information with few correction errors and a 
high S/N ratio without any mistakes. 

In the present invention, since correction data can 
be obtained immediately after an object such as a pa- 
tient is imaged, more suitable correction data can be ob- 
tained wittono. or almost no time for setting and the like 
as compared with the case wherein correction data is 
obtainedbefore imaging. The present invention is there- 
fore advantageous especially when correction data is 
obtained by X-ray irradiation. 

In addition, since correction data is obtained under 
conditions corresponding to or reflecting the imaging 
conditions for imaging operation, more accurate correc- 
tion data can be obtained. Information with a high S/N 
ratio can be quickly obtained more easily without in- 
creasing the complexity and cost of the apparatus. 



Claims 

1 . An image sensing apparatus having image sensing 
means including a plurality of photo-electric ele- 

s ments arranged one- or two-dimensionally, 
comprising: 

means for storing an image signal output ob- 
tained in a photographic mode; 

10 means for storing a photographic condition in 

the photographic mode; 
means for obtaining a correction output in a cor- 
rection mode activated using the stored photo- 
graphic condition; and 

15 means for correcting the image signal output by 

using the correction output. 

2. An apparatus according to claim 1 , wherein said 
means for obtaining the correction output is means 

20 for obtaining a correction output in correction mode 

1, which is activated without irradiating said image 
sensing means with photographing light, by using 
the stored photographic condition. 

25 3. An apparatus according to claim 1, wherein said 
means for obtaining the correction output is means 
for obtaining a correction output in correction mode 

2, which is activated while said image sensing 
means is irradiated with photographing light in the 

so absence of an object, by using the stored photo- 
graphic condition. 

4. An apparatus according to claim 1, wherein said 
means for obtaining the correction output compris- 
es es means for obtaining a correction output in cor- 
rection mode 1, which is activated without irradiat- 
ing said image sensing means with photographing 
light, by using the stored photographic condition, 
and a correction output in correction mode 2, which 

40 js activated while said image sensing means is ir- 
radiated with photographing light in the absence of 
an object, by using the stored photographic condi- 
tion, and means for correcting the photographic out- 
put by using the correction outputs in both correc- 
ts tion mode 1 and correction mode 2. 

5. An apparatus according to claim 1 , wherein said im- . 
age sensing means comprises a wavelength con- 
verter for converting a wavelength of photographing 

so light into a wavelength in a photosensitive wave- 
length region of said photo-electric element. 

6. An apparatus according to claim 2, wherein the pho- 
tographing light includes an X-ray. 

ss 

7. An apparatus according to claim 3, wherein the pho- 
tographing tight includes an X-ray. 
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8. An apparatus according to claim 4, wherein the pho- 
tographing light includes an X-ray. 

9. An apparatus according to claim 1 , wherein the pho- 
tographic condition includes at least one tempera- 
ture selected from the group consisting of a temper- 
ature in a place where photographing operation is 
performed, a temperature of a light source for emit- 
ting photographing light, and a temperature of said 
image sensing means. 

1 0. An apparatus according to claim 1 , wherein the pho- 
tographic condition includes at least one condition 
selected from the group consisting a thickness, ma- 
terial, and state of an object and desired informa- 
tion. 

11. An apparatus according to claim 1 , further compris- 
ing control means for controlling a drive condition 
for said image sensing means in accordance with 
the photographic condition. 

12. An apparatus according to claim 11, wherein said 
control means receives an output from a photo timer 
for measuring an amount of photographing light. 

13. An apparatus according to claim 1, wherein said 
means for storing the photographic condition com- 
prises a memory circuit. 

14. An apparatus according to claim 5, wherein said 
wavelength converter comprises a phosphor 
screen. 

15. An image sensing apparatus comprising: 

image sensing means including a plurality of 
photo-electric elements arranged one- or two- 
dimensionally; 

image information irradiation means including 
a light source for emitting photographing light 
for obtaining image information light to be inci- 
dent on said photo-electric element; 
photographic condition control means for con- 

trolling a photographic condition for at least 

said light source; 

condition storage means in which said photo- 
graphic condition control means stores a set 
value; 

image signal output storage means for storing 
an image signal output obtained in photograph- 
ing operation; - 

means lor obtaining a correction output by 
causing said photographic condition control 
means to perform set operation in accordance 
with the set value stored in said condition stor- 
age means; 

an arithmetic processing circuit for correcting 



the image signal output stored in said image 
signal output storage means by using the cor- 
rection output; and 

system control means for controlling said re- 
s spective means. 

16. An apparatus according to claim 15, wherein the set 
value set by said photographic condition control 
means is automatically set. 

10 

17. An apparatus according to claim 15, wherein said 
image sensing means comprises a wavelength con- 
verter for converting a wavelength of photographing 
light into a wavelength in a photosensitive wave- 
is length region of said photo-electric element. 

18. An apparatus according to claim 15, wherein the 
photographing light includes an X-ray. 

20 19. An apparatus according to claim 15, wherein said 
light source emits pulse-like light, and a pulse width 
of the light can be set/controlled by said photo- 
graphic condition control means. 

25 20. An apparatus according to claim 15, wherein said 
image sensing means comprises a gain adjustment 
circuit, and a gain of said gain adjustment circuit can 
circuit can be set/controlled by said photographic 
condition control means. 

30 

21. An apparatus according to claim 20, wherein said 
gain adjustment circuit comprises a plurality of an- 
alog/digital converters, a proper one of said con- 
verters can be selected in accordance with a value 

35 of an output from said image sensing means, and 
the selection of said converter can be set/controlled 
by said photographic condition control means. 

22. An apparatus according to claim 15, wherein said 
40 photo-electric element is of a storage type and a 

storage time of said photo-electric element can be 
set/controlled by said photographic condition con- 
trol means. 

^5 23. An image sensing method for an image sensing ap- 
paratus including image sensing means including a 
plurality of photo-electric elements arranged one- 
or two-dimensional ly, image ^formation irradiation 
means including a light source for emitting photo- 

50 graphing light for obtaining image information light 
to be incident on said photo-electric element, pho- 
tographic condition control means for controlling a 
photographic condition for at least said light source, 
photographic output storage means for storing a 

55 photographic output, and condition storage means 
for in which said photographic condition control 
means stores an automatically controlled condition, 
comprising the steps of: 
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causing said image information irradiation 
means to irradiate said image sensing means 
with image information light while operating 
said photographic condition control means to 
obtain a desired photographic output, causing s 
said photographic output storage means to 
store the photographic output, and at the same 
time, causing said condition storage means to 
store a set value selected by said photographic 
condition control means; and io 
causing said photographic condition control 
means to perform set operation in accordance 
with the set value stored in said condition stor- 
age means, setting an obtained output as a cor- 
rection output, and processing the correction * 5 
output and the photographic output stored in 
said photographic output storage means by us- 
ing an arithmetic processing circuit, thereby ob- 
taining a corrected photographic output. 

20 
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